Résumé -Nous montrons que la photoluminescence, modulée par de faibles variations du potentiel des électrodes, est un outil puissant pour contrôler la distribution du potentiel à l'interface semiconducteur-électrolyte. Nous présentons des résultats sur des couches minces et des monocristaux de CdSe dans des cellules photovoltaiques électrochimiques.
Previous studies (1) have shown that as CdSe electrode is aged under illumination in polysulfide electrolyte, an exchange reaction occurs in which Se is replaced by S at the surface of the electrode. We have shown (2,3) that photoluminescence and Raman scattering can be used for in situ determination of the slow chemical changes that occur on the surface of such an electrode. Since the electric field in these systems is localized at the interface we have decided to increase the sensitivity of these techniques by modulating the electrode potential and monitoring through phase sensitive detection the component of the photoluminescence which is in phase with the modulated electrode potential. We will summarize here the main results on the new electrodes of both single crystal and polycrystalline CdSe in Na2S/S/NaOH 1/1/1M. Details concerning the electrode preparation, the construction of the cells, the photovoltaic performance of these devices abd their electrochemical, spectroscopic and photoelectrochemical characterization were previously published.
(2,3,4) The photoluminescence setup was also previously described*-' ' and this setup was modified to enable us to modulate the DC bias with an AC signal (f = 44 Hz, p.p. amplitude 0.2 V) and to use phase sensitive detection to monitor the luminescence. The modulated photoluminescence spectrum is similar to the unmodulated one, which was described earlier(3) and consists of unresolved contributions of free excitons, bound excitons and donor acceptor pairs which can be fully resolved only at 4.2°K. The variation of the peak intensity with the modulation amplitude, was found to be linear over an extended modulation range. 
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JOURNAL DE PHYSIQUE F i g u r e 1 shows t h e v a r i a t i o n of t h e modulated photoluminescence w i t h e l e c t r o d e p o t e n t i a l f o r t h e s i n g l e c r y s t a l e l e c t r o d e .
I d e n t i c a l r e s u l t s were observed w i t h t h e p o l y c r y s t a l l i n e e l e c t r o d e . I n both c a s e s t h e s i g n a l i s s t r o n g i n two p o t e n t i a l r e g i o n s : r e g i o n -A -c l o s e t o t h e f l a t b a n d p o t e n t i a l and r e g i o n -B -around t h e r e s t p o t e n t i a l , which i n t h
o n of t h e e x c i t o n s i n t h e s p a c e charge l a y e r w i l l compete e f f e c t i v e l y w i t h t h e r a d i a t i v e r e l a x a t i o n . Accordingly, w i t h i n t h e Mott-Schottky approximation, t h e amplitude w i l l v a r y w i t h t h e p o t e n t i a l i n t h e f o l l o w i n g way: where @ i s t h e quantum e f f i c i e n c y a t t h e f l a t b a n d p o t e n t i a l ( W = 0) , W -t h e t h i c kn e s s of t h e s p a c e c h a r g e l a y e r g i v e n by:
a i s t h e a b s o r p t i o n c o e f f i c i e n t , I a -t h e e x c i t a t i o n l i g h t i n t e n s i t y , E -t h e p e r m i t t i v i t y of f r e e s p a c e , K i s t h e r e l a t i v e d i e l e c t r i c c o n s t a n t , ND t g e e f f e c t i v e doping c o n c e n t r a t i o n , U -t h e e l e c t r o d e p o t e n t i a l and Ufb t h e f l a t b a n d p o t e n t i a l .
Moli-SchoMky Pbt for s~ngk cryzlal WSe
F i g u r e 2 -Mott-Schottky p l o t of t h e s i n g l e c r y s t a l CdSe i n S = / S / N~O H e f f e c t i v e a r e a of t h e c r y s t a l 0.32 cm2. I n s e r t shows d a t a from r e g i o n A i n Fig. 1, p 
The s i g n a l i n r e g i o n -A v a r i e s l i n e a r y w i t h t h e e x c i t a t i o n l i g h t i n t e n s i t y a s r eq u i r e d by E q . l . I n a d d i t i o n F i g . 2 compares t h e doping l e v e l o b t a i n e d from MottSchottky c a p a c i t a n c e p l o t and t h e one o b t a i n e d from t h e modulated photoluminescence, u s i n g Equation 1. They a g r e e w i t h i n f a c t o r of two -3.6 x 1017 from t h e c a p a c i t a n c e d a t a and 7.2 x 1017 cm-3 from t h e photoluminescence.
The s i g n a l i n r e g i o n -B does n o t f o l l o w t h e dead l a y e r t h e o r y . It v a r i e s l i n e a r y w i t h t h e s q u a r e of I a and i s b e i n g reduced t o z e r o i n t h e absence of p o l y s u l f i d e . This i s t r u e f o r b o t h t h e s i n g l e c r y s t a l and t h e p o l y c r y s t a l l i n e e l e c t r o d e s .
We conclude t h a t t h e s i g n a l i n r e g i o n B a p p e a r s when t h e Fermi l e v e l of t h e semiconductor c o i n c i d e s w i t h t h e p o t e n t i a l of t h e s u r f a c e s t a t e s which a r e c r e a t e d by t h e a d s o r p t i o n of t h e s u l f i d e i o n . At t h i s p o t e n t i a l , t h e e l e c t r i c f i e l d a t t h e s u r f a c e i s b e i n g screened by t h e i o n s , p r e v e n t i n g t h e d i s s o c i a t i o n of t h e e x c i t o n s and promoting r a d i a t i v e recombination. F u l l account of t h e s e r e s u l t s w i l l b e pres e n t e d i n t h e f u l l manuscript t h a t w i l l f o l l o w .
